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efficacy of computer-aided 
Detection as a second reader 
for 6–9-mm lesions at cT 
colonography: Multicenter 
Prospective Trial1
Purpose: To assess the effect of computer-aided detection (CAD) 
as a second reader on the sensitivity and specificity of 
computed tomographic (CT) colonography in detecting 
6–9-mm colorectal cancer (CRC) lesions.
Materials and 
Methods:
Individuals with clinical indications for colonoscopy—either 
for symptoms or as part of participating in a surveillance 
program or CRC screening—were prospectively enrolled at 
one of 10 academic centers between July 2007 and May 
2009. Institutional review board approval was obtained at 
each clinical site, and all participants provided written in-
formed consent. All participants underwent CT colonography 
and colonoscopy on the same day. Experienced readers in-
terpreted the CT colonography images unassisted and then 
reviewed all colorectal lesion–like structures pinpointed by 
the CAD algorithm. Segmental unblinding of CT colonos-
copy findings at colonoscopy was utilized. The sensitivity 
and specificity of unassisted and CAD-assisted reading in 
identifying individuals with 6–9-mm lesions were calculated 
and compared by means of pairwise analysis.
Results: A total of 618 participants (mean age, 57.9 years; 54.5% 
male) were included in the final analysis. Of these par-
ticipants, 464 (75.1%) had no lesions 6 mm or larger, 
and 52 (8.4%) had 6–9-mm lesions. The sensitivity of CT 
colonography with unassisted reading and that with CAD-
assisted reading in identifying individuals with 6–9-mm 
lesions was 65.4% (95% confidence interval [CI]: 50.9%, 
78.0%) and 76.9% (95% CI: 63.2%, 87.5%; P = .016), 
respectively. No significant change in specificity was ob-
served: The specificity of CT colonography with unassisted 
and that with CAD-assisted reading was 91.8% (95% CI: 
88.9%, 94.1%) and 90.9% (95% CI: 88.0%, 93.4%; P 
= .063), respectively. Evaluation of CAD candidates re-
quired an additional 1.6 minutes (25th–75th percentile: 
1.0 minute to 3.4 minutes).
Conclusion: The addition of CAD to reading performed by experienced 
readers resulted in a significant benefit in the detection of 
6–9-mm polyps at CT colonography in this cohort.
q RSNA, 2012
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information that might present a con-
flict of interest for those authors who 
are employees of or consultants for 
im3D (D.R., L.C., G.I.). One site (con-
tributing 285 cases) had contributed 
cases for development of the software 
and had two readers who were familiar 
with the software prior to the initiation 
of this study.
Ten academic centers participated 
in the study, in which each participant 
underwent CT colonography and colo-
noscopy on the same day. Local institu-
tional board approval was obtained at 
each clinical site, and all study partic-
ipants provided written informed con-
sent before enrollment. Patients aged 18 
years or older with a clinical indication 
for colonoscopy, either for symptoms or 
for participating in a personal surveil-
lance program or CRC screening, were 
eligible. Participants were excluded if 
they had a clinical diagnosis of familial 
adenomatous polyposis or hereditary 
nonpolyposis CRC syndrome, inflam-
matory bowel disease, or celiac disease; 
if they had evidence of increased risk 
of harm from colonoscopy as judged by 
the endoscopist; if they had psychologic 
or physical conditions that contraindi-
cated colonoscopy, including anticoagu-
lant therapy or pregnancy at the time of 
study inclusion or CT colonography; if 
(10–12). For this reason, the U.S. Pre-
ventive Services Task Force considered 
the variability of CT colonography sen-
sitivity for 6–9-mm polyps as a source 
of uncertainty regarding the potential 
health impact of CT colonography (13).
Computer-aided detection (CAD) 
was initially implemented to assist 
radiologists in identifying suspicious 
findings on mammograms (14,15). CT 
colonography interpretation is time 
consuming (5–9), and therefore the 
involvement of an additional expert 
for double reading would not be cost 
effective (16). CAD could help reduce 
the frequency of false-negative studies 
at CT colonography and improve sen-
sitivity, especially in the detection of 
subcentimetric lesions. However, the 
addition of CAD to CT colonography 
has been evaluated only in retrospective 
series and in a controlled environment 
(17–22). Therefore, the results report-
ed in these studies may not reflect the 
additional factors that may influence 
reader performance when using CAD 
in daily clinical activity.
The purpose of this multicenter 
prospective trial was to prospectively 
assess the effect of CAD as a second 
reader on CT colonography sensitivity 
and specificity in identifying patients 
with 6–9-mm lesions.
Materials and Methods
Study Design and Population
The company im3D (Torino, Italy) sup-
ported the study by partially financing it 
and by providing the CAD interpretation 
hardware and software free of charge. 
Authors who were not employees or 
consultants of im3D (P.D.M., C.H.) had 
full control of inclusion of any data and 
Colorectal cancer (CRC) is a major cause of morbidity and mortality in Western countries (1). CRC 
screening has been shown to prevent 
CRC incidence and mortality (2,3). 
This has been related to the efficacy 
of polypectomy in preventing CRC in-
cidence and the increase in 5-year CRC 
survival because of early diagnosis of 
already developed CRC (2,3).
Computed tomographic (CT) colo-
nography represents a minimally inva-
sive imaging examination of the colon 
and rectum and has been endorsed by 
several key medical groups for CRC 
screening and diagnosis (4). A high 
sensitivity for large (10 mm) lesions 
has been consistently shown in high-
quality CT colonography studies (5–8). 
Although the sensitivity of CT colonog-
raphy for 6–9-mm polyps appeared to 
be higher than 85%—similar to the 
sensitivity of colonoscopy for such le-
sions—in studies performed in dedi-
cated centers (5–8), it has been sub-
stantially lower in multicenter trials, 
ranging between 59% and 78% (5,6,9). 
Despite the fact that 6–9-mm polyps 
represent only a minor fraction of all 
the advanced neoplasia (,10%) present 
in screening population compared with 
lesions that are 10 mm or larger, they 
are still regarded as a suitable target for 
CRC screening and diagnosis, because 
of their nonnegligible risk of high-grade 
dysplasia and/or villous component 
Implication for Patient Care
 n The CAD system studied may 
significantly improve the detec-
tion of 6–9-mm neoplastic lesions 
in clinical practice, improving the 
accuracy of the technique for 
advanced neoplasia in these 
lesions.
Advances in Knowledge
 n In a prospective multicenter 
study including 618 patients un-
dergoing CT colonography and 
same-day colonoscopy for diag-
nostic or screening indications, 
the addition of computer-aided 
detection (CAD) to interpreta-
tion by experienced readers 
increased per-patient sensitivity 
for 6–9-mm polyps from 65.4% 
to 76.9%.
 n The addition of CAD did not 
result in a significant decrease in 
specificity (91.8% vs 90.9%).
 n Evaluation of CAD candidates 
required, on average, only an 
additional 1.6 minutes.
Published online before print
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reading design. In the first phase, the 
radiologist interpreted the study with-
out activating the CAD algorithm. A 
two-dimensional primary reading mode 
with three-dimensional viewing for 
problem solving was used in this phase. 
Lesion characteristics were recorded, 
and their positions were marked by 
means of manual drawing of a three-
dimensional region of interest with a 
freehand tool imbedded in the software. 
This phase of reporting was defined 
as unassisted reading. Once the unas-
sisted reading phase was completed, 
the results were locked by the software 
(ie, it was impossible for the readers 
to change the results of the unassisted 
reading phase). At this stage, the ra-
diologist activated the CAD algorithm, 
which pinpointed a series of lesion can-
didates on both prone and supine ac-
quisitions. The radiologist then exam-
ined all lesion candidates by using both 
two- and three-dimensional viewing. 
Each lesion candidate was classified as 
a CAD false-negative finding (rejected 
candidate) or as a new identified lesion, 
and its characteristics were recorded. 
Previously detected lesions were visi-
ble in this phase and were locked (ie, 
the radiologist was allowed to add only 
newly identified lesions). The second 
phase of reporting was defined as CAD-
assisted reading.
Readers were informed that indi-
viduals with lesions 6 mm or larger at 
CT colonography would be classified as 
having positive findings in the analysis 
and were aware of the patient’s clinical 
history, as reporting the examination 
was part of their daily clinical work. On 
the worksheets, lesions were assigned 
to one of the following six bowel seg-
ments: cecum, ascending colon, trans-
verse colon, descending colon, sigmoid 
colon, and rectum. Lesion size at CT 
colonography was reported as the larg-
est measured diameter (when visible, 
the stalk of the lesion was not consid-
ered for measurement) on two-dimen-
sional reformatted images, by using a 
standard window width of 2000 HU and 
a window level of 2200 HU. The results 
of CAD-assisted reading were recorded 
on different pages—one for each of 
the six bowel segments—and were put 
was positioned. n-Butyl-scopolamine was 
administered intravenously if this was 
common practice in the participating cen-
ter (eight centers). Immediately before 
scanning, pneumocolon was achieved by 
means of the patient-controlled insuffla-
tion of room air or carbon dioxide, either 
manually by means of a balloon pump or 
with an automatic device. CT colonogra-
phy was performed with the participant 
in the supine and prone positions with 
the following scanning protocol: 120 kVp 
(140 kVp in obese patients [body mass 
index  30 kg/m2]); 50 mA (effective) or 
less per second (without the use of any 
system for dose modulation); a rotation 
time of 0.5–0.7 second; a pitch between 
0.9 and 1.5, depending on the scanner; 
and a section thickness not greater than 
1.25 mm (21). The total study effective 
dose was less than 4 mSv. Intravenous 
contrast medium was not used.
CAD System
Each center was equipped with the 
same commercial CAD workstation 
(CAD-Colon 1.10; im3D, Torino, Italy), 
and the radiologists participated in 
a 2-day onsite training course before 
the trial began. The platform allowed 
two- and three-dimensional rendering 
and digital subtraction of tagged feces. 
In CAD mode, suspicious areas on the 
colon mucosa were highlighted on the 
two-dimensional and three-dimensional 
images and a list of suggestions (CAD 
candidates) was displayed on the sides 
of both prone and supine scans. The 
software detection algorithm thresh-
old set by the manufacturer operated 
at a detection sensitivity of 90% (95% 
confidence interval [CI]: 86%, 93%) 
for lesions 6 mm or larger (stand-alone 
sensitivity), with a corresponding false-
positive rate of nine lesion candidates 
per series, as computed in a retrospec-
tive evaluation of a previously published 
series (6,23). Readers were not in-
formed of the stand-alone sensitivity of 
the CAD algorithm.
Image Interpretation
Each CT colonography study was inter-
preted by one of 17 radiologists (Table 
E1 [online]) within 3 hours of the end 
of the examination by using a sequential 
intravenous contrast material was used 
for CT colonography; and if they were 
not compliant with the study protocol. 
Enrollment started in July 2007 and fin-
ished in May 2009.
Center Selection
Participating centers were required to 
have all of the following: at least one 
16-section CT scanner; a gastrointesti-
nal endoscopy unit with state-of-the-art 
video endoscopy capability and endos-
copists who had already performed at 
least 500 colonoscopies and 100 pol-
ypectomies; a general surgery unit; 
and a pathology unit with a patholo-
gist experienced in evaluating colorec-
tal diseases. Participating radiologists 
were required to have interpreted more 
than 100 CT colonography studies that 
showed colonoscopy-proved lesions prior 
to participation in the investigation.
CT Colonography
Bowel preparation was performed ac-
cording to common practice in the 
participating centers. All participants 
followed a low-residue diet starting 3 
days before the examination and a liq-
uid diet on the day before the examina-
tion. In six of 10 centers, bowel prepa-
ration consisted of administration of a 
4-L polyethylene glycol solution on the 
afternoon before the examination (ca-
thartic preparation) without fecal tag-
ging. In three centers, on the afternoon 
before CT colonography, a 45-mL solu-
tion of sodium biphosphate and sodium 
phosphate was administered together 
with an iodine-based solution prepared 
by diluting 150 mL of sodium diatrizoate 
and meglumine diatrizoate (Gastro-
grafin; Bayer Schering Pharma, Berlin, 
Italy) in 1.5 L of water (fecal tagging 
preparation). In the remaining center, 
participants were given only an iodine-
based solution prepared by diluting 150 
mL of sodium diatrizoate and meglu-
mine diatrizoate in 1.5 L of water (fecal 
tagging preparation) on the afternoon of 
the day before the examination. In both 
regimens, tagging solutions were usu-
ally administered in two doses 2 hours 
apart, typically at 4:00 and 6:00 pm.
Participants were placed on a CT 
table, and a small flexible rectal catheter 
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when at least a 6-mm or larger lesion 
was detected in the first reading phase; 
otherwise, it was reported as negative. 
In a similar way, a patient was defined 
as having a positive result at CT colo-
nography with CAD-assisted reading 
when at least a 6-mm or larger lesion 
was detected in the first or in the sec-
ond reading phase. Positive cases at 
the unassisted reading that were con-
firmed at the reference standard exam-
ination were defined as true-positive 
results in that size range; cases clas-
sified as negative at colonoscopy were 
defined as false-positive results. The 
same criterion was adopted to evalu-
ate the results of CT colonography with 
CAD-assisted reading. Sensitivity and 
specificity, along with 95% CIs, were 
calculated for each reading modality 
according to lesion size range.
Secondary end point.—Per-lesion 
sensitivity was calculated as the frac-
tion of positive CT colonography match-
ing findings among all lesions sized in 
the range of interest and detected at 
colonoscopy, by using the previously 
described matching algorithm. The 
sensitivity of each reading modality was 
calculated according to the size and his-
tologic features of the lesions. We also 
report per-reader before-and-after-
CAD sensitivities for 6–9 mm lesions, 
as well as cumulative values according 
to whether or not tagging was used.
We tested whether CAD-assisted 
reading improved sensitivity as com-
pared with unassisted reading and 
whether specificity was not significantly 
lower in CAD-assisted reading. The 
MacNemar test for pairwise analysis 
was used to assess the statistical sig-
nificance of differences. All P values 
involved hypothesis tests against a 
one-sided alternative and were consid-
ered to indicate significance at P , .05. 
The analyses were performed by using 
statistical software (SAS, release 9.1; 
SAS Institute, Cary, NC).
Sample size estimate.—The sensi-
tivity of CT colonography for the identi-
fication of patients with 6–9-mm lesions 
was estimated to be around 65%, with 
a specificity of 95% (5,6). We hypoth-
esized that if CAD were to be effective, 
sensitivity for the detection of 6–9-mm 
after the conclusion of both examina-
tions, if necessary by reviewing colo-
noscopy video registration and CT colo-
nography images (6).
Review Process
At the end of the study, all CT colonog-
raphy studies in which lesions remained 
undetected after CAD-assisted reading 
were collected in a centralized archive. 
Two radiologist reviewers (D.R. and 
G.I. [readers 8 and 16, respectively, in 
Table E1 {online}]) who were aware 
of the colonoscopy findings and of the 
original CT colonography records re-
examined in consensus the reject CAD 
candidate. Any prospectively missed 
lesion was reconciled (ie, regarded as 
correctly detected by CAD) if it corre-
sponded to a rejected candidate in the 
same or an adjacent colonic segment at 
colonoscopy with a size difference of no 
more than 50%. For reconciled candi-
dates, the reviewers judged the most 
likely cause for the rejection, accord-
ing to a predefined checklist. For the 
purpose of this additional analysis, on 
a lesion basis, the theoretical detection 
with CAD-assisted reading was defined 
as the fraction of lesions reconciled by 
reviewers in addition to those detected 
prospectively by readers, over all colo-
noscopy-detected lesions.
Statistical Analysis
Primary end point.—The primary end 
point of the study was the per-patient 
sensitivity of CT colonography, with 
and without the use of CAD, in patients 
whose largest colorectal lesion mea-
sured 6–9 mm. The reference standard 
was unblinded colonoscopy, along with 
histologic evaluation of the removed le-
sions. A negative result at the reference 
standard examination was assigned to 
all patients without 6 mm or larger le-
sions at endoscopy; otherwise, patients 
were assigned a positive result. When 
two or more lesions were removed in 
the same patient, the largest lesion was 
used for patient classification; accord-
ingly, patients were classified as having 
a positive result for a lesion in that size 
range (ie, 6–9 mm, 10 mm).
A positive result was assigned to CT 
colonography with unassisted reading 
separately into sealed envelopes that 
were delivered to the endoscopy unit 
where colonoscopy was scheduled. Be-
cause of the low specificity of CT colo-
nography for small lesions (24), lesions 
smaller than 6 mm were recorded in 
the database but were not included in 
the study worksheets delivered to the 
endoscopy unit. The number of candi-
dates generated by the CAD algorithm 
in each examination and the reading 
time for each phase were automatically 
recorded by the software.
Colonoscopy Protocol
Colonoscopy was performed at least 3 
hours after CT colonography. Patient 
sedation was performed according to 
the common clinical practice of each 
participating center. The endoscope was 
advanced to the cecum, and the entire 
length of the bowel was examined during 
endoscope withdrawal. The endoscopist 
was initially blinded to the result of CT 
colonography; at the end of each bowel 
segment evaluation, CT colonography 
results for that segment were disclosed 
(segmental unblinding). If a lesion mea-
suring 6 mm or larger was detected at 
CT colonography but not at colonoscopy, 
the segment was reexamined to resolve 
the discrepancy (25). Complications 
occurring during or immediately after 
colonoscopy (eg, bleeding, perforation) 
were systematically recorded.
Lesion Classification and Matching
Lesion size was measured at endos-
copy by using open biopsy forceps. 
All visible lesions were endoscopically 
removed whenever possible; those re-
trieved were sent to local pathologists 
for evaluation and were classified ac-
cording to the World Health Organiza-
tion criteria (26). Any lesion measuring 
6 mm or larger with nonadenomatous, 
adenomatous, or cancerous histologic 
features was included in the analysis. 
According to the adopted segmental 
checking procedure, a lesion found at 
CT colonography was matched to a cor-
responding one found at colonoscopy 
when it was located in the same or an 
adjacent colon segment and when its 
size differed by no more than 50% (6). 
Matching was performed immediately 
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participants. Of these 234 lesions, 227 
were retrieved and sent for histologic 
evaluation, including 99 (43.6%) 6–9-
mm lesions and 128 (56.4%) lesions 
that were 10 mm or larger (Table 3).
The per-lesion sensitivity of CT 
colonography according to lesion size 
and histologic features are shown in 
Table 3. CAD-assisted reading allowed 
the identification of 10 additional le-
sions, including nine adenomas in the 
6–9-mm range. All cancers were cor-
rectly diagnosed in the unassisted read-
ing phase of reporting. One additional 
false-positive lesion was also found at 
the per-lesion analysis, as compared 
with the per-patient analysis. Over-
all, 42 lesions 6 mm or larger (ie, 26 
between 6 and 9 mm; 16  10 mm) 
were not identified by the readers using 
CAD-assisted reading.
In terms of the review process, 
the reviewers reconciled 11 (42.3%) 
of 26 missed 6–9-mm lesions and six 
(37.5%) of the 16 lesions that were 10 
mm or larger. If all CAD candidates 
had been properly accounted for, CAD-
assisted reading could have reported 
84 (84.8%) of 99 6–9-mm lesions and 
118 (92.2%) of 128 lesions that were 10 
mm or larger.
According to the checklist detailed 
in Table E5 (online), bowel preparation 
was the main factor that induced the 
reader to dismiss a candidate. Poor 
bowel cleansing or coating of the lesion 
with tagging agent was the suggested 
etiology in eight (47.1%) of the 17 dis-
missed cases. Other possible causes of 
error were abnormal lesion morphol-
ogy, lesion visible only in one decubi-
tus, lesion inconspicuity, and position 
of the lesion in relation to a fold (Table 
E5 [online]).
No adverse events were recorded 
for CT colonography. There were three 
cases of bleeding following colonoscop-
ic polypectomy, all of which were man-
aged endoscopically, and one case of 
hypotension at diagnostic colonoscopy. 
No case of perforation occurred.
Discussion
This multicenter study shows that the 
addition of CAD substantially improves 
(16.5%) patients had 6–9-mm lesions 
or lesions that were 10 mm or larger, 
respectively. At histologic examination, 
95 (15.4%) and 22 (3.6%) patients 
were found to have an advanced ade-
noma and a cancer as the most severe 
lesion, respectively, while 19 (3.1%) 
patients had nonadenomatous lesions. 
One 10-mm polyp located in the ascend-
ing colon was initially missed at colo-
noscopy (being detected only after un-
blinding), corresponding to a 1% miss 
rate, while no 6–9-mm lesion appeared 
to have been missed at colonoscopy. CT 
colonography with unassisted reading 
and that with CAD-assisted reading 
were recorded as yielding positive re-
sults in 168 (27.2%) and 178 (28.8%) 
patients, respectively (Table 2). The 
use of CAD improved the sensitivity 
of CT colonography in identifying pa-
tients whose largest lesion was 6–9 mm 
from 65.4% (95% CI: 50.9%, 78.0%) 
to 76.9% (95% CI: 63.2%, 87.5%; P = 
.016). No significant change in specific-
ity was observed when CAD was added 
to CT colonography interpretation: The 
specificity of CT colonography with 
CAD-assisted reading was 90.9% (95% 
CI: 88.0%, 93.4%).
The improvement in CT colonogra-
phy reporting induced by CAD was re-
lated to lesion size. The sensitivity for 
the identification of patients with lesions 
10 mm or larger was not increased by 
the use of CAD; the sensitivity of unas-
sisted reading and that of CAD-assisted 
reading were both 94.1%. The accu-
racies of unassisted and CAD-assisted 
reading according to the use of tagging 
and for individual readers are reported 
in Tables E2, E3, and E4 (online).
The median reporting time of unas-
sisted reading was 6.5 minutes (25th–
75th percentile, 4.1–10.6 minutes). 
Evaluation of lesion candidates pin-
pointed by the CAD algorithm required 
a median of an additional 1.6 minutes 
(25th–75th percentile, 1.0–3.4 mi-
nutes). The median number of lesion 
candidates generated per scan was 
seven (25th–75th percentile, four to 
12).
On a per-lesion basis, colonos-
copy helped identify 234 lesions with 
a diameter of at least 6 mm in 154 
lesions would have to increase to at 
least 80% and specificity should not 
decrease by more than 5%. Assum-
ing a type I error equal to 5% and a 
power of 80%, respectively, at least 48 
participants with 6–9-mm polyps and 
514 participants with negative findings 
would be required to show as signifi-
cant the increase in CT colonography 
sensitivity due to the use of CAD, with-
out substantially modifying specificity. 
As the expected prevalence of such le-
sions in the participants was originally 
estimated to be around 10% (6), we 
calculated a sample size of at least 600 
participants.
Results
Six hundred fifty-one participants were 
enrolled in the study. Overall, 33 pa-
tients were excluded for the following 
reasons: dropping out before CT colo-
nography (20 cases), use of intravenous 
contrast material (seven cases), refusal 
of colonoscopy (five cases), and an en-
doscopic diagnosis of attenuated famil-
ial adenomatous polyposis (one case). 
Thus, the final population was 618 
(94.9%) participants (Figure, Table 1). 
The number of participants recruited 
per center varied from nine to 285. The 
mean age was 57.9 years (range, 45–78 
years). Overall, 159 (25.7%) patients 
were either symptomatic or undergoing 
work-up for a positive fecal test. The 
remaining patients were asymptom-
atic and were undergoing either CRC 
screening or surveillance. Fecal tagging 
was utilized in 374 cases (60.5%). Be-
fore CT, n-butyl-scopolamine was ad-
ministered intravenously in 273 cases 
(44.2%). Colon distention was achieved 
with carbon dioxide insufflation in 318 
cases (51.5%) and with room air in 
the remaining cases. At colonoscopy, 
cecal intubation was achieved in 576 
cases, accounting for a completion rate 
of 93.2%. No lesion that was 6 mm or 
larger was detected at CT colonography 
(with or without CAD) in the segments 
not reached by the colonoscope in the 
incomplete colonoscopies.
At colonoscopy, 154 (24.9%) pa-
tients were reported as having posi-
tive findings: Fifty-two (8.4%) and 102 
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Table 1
Demographic and Clinical Characteristics of Study Patients Overall and according to Colonoscopy Findings
Demographic Characteristic
Colonoscopy Findings
Total (n = 618)No Lesions  6 mm (n = 464) Lesions 6–9 mm (n = 52)* Lesions  10 mm (n = 102)*
Age at enrollment (y)†
 Overall 56.5 6 10.1 59.2 6 9.1 63.8 6 10.3 57.9 6 10.4
 Female patients 57.0 6 10.0 60.5 6 8.1 64.2 6 12.4 58.3 6 10.5
 Male patients 56.0 6 10.2 58.3 6 9.7 63.5 6 8.9 57.6 6 10.3
Sex
 Female 221 (47.6) 20 (38.5) 40 (39.2) 281 (45.5)
 Male 243 (52.4) 32 (61.5) 62 (60.8) 337 (54.5)
Clinical indication
 Symptoms of CRC 68 (14.7) 10 (19.2) 25 (24.5) 103 (16.7)
 Surveillance 47 (10.1) 5 (9.6) 12 (11.8) 64 (10.4)
 CRC screening‡ 349 (75.2) 37 (71.2) 65 (63.7) 451 (73.0)
Note.—Unless otherwise specified, data are numbers of patients, with percentages in parentheses. Percentages may not add up to 100% owing to rounding.
* Including nonadenomatous lesions.
† Data are means 6 standard deviations.
‡ Ninety-one patients underwent CT colonography as a triage technique after a positive fecal occult blood screening test. Of these patients, 49 had no colorectal lesions, 15 had 6–9 mm lesions, and 
27 had lesions 10 mm or larger.
Flow diagram of study cohort. The reported polyp sizes refer to those at endoscopic assessment. FAP = familial adenomatous polyposis,  
IV = intravenous. ∗ = False-negative at CAD reading. ∗∗ = False-positive at CAD reading.
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sensitivity was paralleled by a reduction 
in specificity. Conversely, in our study, 
specificity was uniformly higher than 
90%, and it was not affected by the use 
of CAD. The apparent lack of any effect 
on specificity was most likely related to 
the ability of experienced readers to re-
ject CAD false-positive results.
A large number of CAD true-posi-
tive marks were mistakenly dismissed 
by the readers as false-positive hits. 
This may be due in part to the fact that 
readers might not have been sufficiently 
confident with the performance of the 
software, considering that prior to this 
study CAD was not routinely used in 
their clinical practice. This suggests 
that there is potential to further im-
prove the CAD-assisted performance 
of CT colonography, as already outlined 
in a previous study, in which seven of 
60 patients with polyps were dismissed 
by CT colonography–inexperienced ra-
diologists despite having been correctly 
identified by the CAD program (17). 
Hypothetically, if the readers had prop-
erly accounted for all CAD candidates, 
CAD-assisted reading would have re-
sulted in detection of 90% of the 6–9-
mm lesions. This finding compares fa-
vorably with the sensitivity shown by 
colonoscopy for these lesions in tandem 
colonoscopy studies (27).
There is a strong rationale for the 
addition of CAD to CT colonography 
in clinical practice. First, it is well 
CT colonography (4). Conversely, CAD 
did not improve sensitivity in detecting 
lesions that were 10 mm or larger. This 
was presumably explained by the very 
high sensitivity for such lesions with 
unassisted reading (ie, 94%) shown in 
our study, which is in agreement with 
findings of trials involving experienced 
readers (5–7).
Our results provide further support 
to the positive findings reported in prior 
retrospective studies, which examined 
the effect of CAD as a second reader 
on the performance of CT colonogra-
phy (17–22). However, in those stud-
ies, the beneficial effect of CAD was 
demonstrated mainly for readers with 
limited experience in interpreting CT 
colonography studies, and the gain in 
the identification of patients with 6–9-
mm lesions by experienced readers at 
CT colonography. Of note, all the addi-
tional 6–9-mm lesions detected at CAD-
assisted reading were histologically ver-
ified adenomas, more than half of which 
were also advanced adenomas (ie, they 
had high-grade dysplasia or a villous 
component). This is relevant in propos-
ing CT colonography for the diagnosis 
of clinically important lesions, consid-
ering that the prevalence of advanced 
histologic features in intermediate-size 
lesions is not marginal (10–12), being 
32% according to the present series. 
Improving the detection of 6–9-mm 
lesions resulted in a higher sensitivity 
for lesions 6 mm or larger, the latter 
being regarded as the main target of 
Table 2
Per-Patient CT Colonography Performance according to Reading Modality and Lesion 
Size
Parameter and Lesion  
Size (mm) Unassisted Reading CAD-assisted Reading P Value
Sensitivity
 6 130/154 (84.4) [77.7, 89.8] 136/154 (88.3) [82.2, 92.9] .016
 6–9 34/52 (65.4) [50.9, 78.0] 40/52 (76.9) [63.2, 87.5] .016
 10 96/102 (94.1) [87.6, 97.8] 96/102 (94.1) [87.6, 97.8] Not estimable
Specificity for  
 lesions  6 mm
426/464 (91.8) [88.9, 94.1] 422/464 (90.9) [88.0, 93.4] .063
Note.—Sensitivities and specificities for lesion detection are expressed as number of lesions/total number of lesions, with 
percentages in parentheses and corresponding 95% CIs in brackets. Nonadenomatous lesions were included.
Table 3
Per-Lesion CT Colonography Sensitivity according to Reading Modality and Lesion Characteristics
Lesion Size (mm) and Characteristics Unassisted Reading CAD-assisted Reading P Value
6 175/227 (77.1) [71.1, 82.4] 185/227 (81.5) [75.8, 86.3] .001
6–9 64/99 (64.6) [54.4, 74.0] 73/99 (73.7) [63.9, 82.1] .002
 Nonadenomatous 16/21 (76.2) [52.8, 91.8]* 16/21 (76.2) [52.8, 91.8] Not estimable
 Not advanced adenoma 28/46 (60.9) [45.4, 74.9] 32/46 (69.6) [54.3, 82.3] .063
 Advanced adenoma 20/32 (62.5) [43.7, 78.9] 25/32 (78.1) [60.0, 90.7] .031
10 111/128 (86.7) [79.6, 92.1] 112/128 (87.5) [80.5, 92.7] .5
 Nonadenomatous 9/10 (90.0) [55.5, 99.8]† 9/10 (90.0) [55.5, 99.8] Not estimable
 Advanced adenoma 80/96 (83.3) [74.4, 90.2] 81/96 (84.4) [75.5, 91.0] .5
 Cancer 22/22 (100) [87.3, 100] 22/22 (100) [87.3, 100] Not estimable
Note.—Sensitivities for lesion detection are expressed as number of lesions/total number of lesions, with percentages in parentheses and corresponding 95% CIs in brackets.
* At histologic examination, 18 of these lesions were found to be hyperplastic; two, inflammatory; and one, lymphoid.
† At histologic examination, nine of these lesions were found to be hyperplastic; and one, inflammatory.
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known that most polyps missed at un-
assisted reading are actually visible on 
the CT scan when studies are reviewed 
in retrospect by experienced readers 
(28,29). In this trial we have shown 
that observer error is reduced by the 
addition of CAD.
We have shown that CAD adds less 
than 2 minutes to the unassisted CT 
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its routine use as a second reader cost 
effective in terms of working time. This 
reading time was similar to that shown 
in some previous studies (17,19).
A strength of our study is that it 
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tested in a clinical environment and not, 
as in previous studies, a laboratory set-
ting. Conversely, our results may not be 
generalizable as there are several com-
mercial and academic CAD platforms 
available, which differ in stand-alone 
performance, interface design, visualiza-
tion modes, and candidate coding tech-
niques, all of which may affect the diag-
nostic performance and reporting time.
There were limitations to our study. 
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ed in our study are not conventionally 
used in other countries. In particular, 
the use of sodium phosphate is decreas-
ing in the United States because of Food 
and Drug Administration warnings. 
However, it is unlikely that the type of 
preparation regimen may have affected 
the additional effect of CAD on CT colo-
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ging was not uniformly adopted in our 
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was also effective when the assessment 
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tagging. The fact that we could only 
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tagging was not adopted was not unex-
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